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GUAM ENVIRONMENTAL PROTECTION AGENCY

POST OFF ICE BOX 2999 AGANA, GUAM 96910 TELEPHONE: 646-8863/64/65

HOT 81981
Mr. Jake MacKenzie
Superfund Coordinator
U.S. Environmental Protection
Agency, Region IX SDMSDoclD 2003507

215 Fremont Street
San Francisco, California 94105

Dear Mr. MacKenzie:

Please find enclosed the completed Mitre Model for the Ordot Landfill.
As mentioned in the worksheets Surface Water is the route of major
concern. The Guam EPA laboratory recently produced some interesting
numbers with respect to high heavy metal and pesticide content in
surface waters bordering the landfill. The high pesticide count is
viewed as a serious matter so the Guam EPA is in the process of
producing additional data to validate our analysis. We will forward
the validated findings to you as soon as they are available.

The Guam EPA has a number of questions with respect to our Superfund
relationship. What is our status with respect to Superfund considera-
tion? How does Guam fit into the National Contingency Plan? What is
our relationship with the Regional Response Team? Who is the On-scene-
Coordinator for Guam? Is our original expression of Guam being a
"special case" due to our unique island environment and unaddressed
hazardous waste disposal problem still being considered? When will
training and guidance sessions be offered to Guam EPA staff and will
we negotiate a State/EPA Cooperative Agreement with respect to our
Superfund relationship?

Your timely response to these inquiries is appreciated, please contact
Dan Crytser with any response or comments.

Sincerely yours,

/RICARDO C. DUENAS
Administrator

Enclosure

"ALL LIVING THINGS OF THE EARTH ARE ONE'



i ,•;•
— - -- --

1
1
1
1
1
1
t
1
1
1
1
1
1
1

APPENDIX E
MODEL WORKSHEETS

Site Name Ordot Landfill

San Carlos Street, Ordot, GuamLocation

EPA Region. Region IX

Personis) :n Charge of tne Sue. J. Gutierrez - Director

Government of Guam

Department of Public Works

Name of Reviewer- Dan Crytser

Site Overall Score. 30.2

General Oescnotion of the Site.

(For examole landf.ll. surface irrooundrrent. pile, container, types or Bastes: location of the site,

contaminat ion route of major concern, types of informat ion neeced for rating, agency action, etc.1.
This site is a Government of Guam operated municipal landfill. It is

registered on the RCRA Open Dump Inventory. The contamination route of

major concern is surface water. Due to quanity of precipitation,

permeability and lack of leachate control system it is believed that

toxic leachates including pesticides are contaminating nearby surface

waters.
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Measured Level or
evidence of "Release

ROUTE - GROUND WATER

Rating
Factor

Basis of
Information

Site
Rating
(Circle
one)

Multi-
plier

Site
Score

Maximum
Possible
Score

OBSERVED RELEASE

0 45 45

If the site score is zero,
go to step (̂
otherwise, go to step (5)

ROUTE CHARACTERISTICS1

Depth to Aquifer of Concern
Net Precipitation
Permeability of Unsaturated Zone

'Oil

Subtotal 15

•'•A rating of zero should be entered when data is unavailable to rate an
additive factor. A rating of 1 should be entered when data is unavailable
to rate a multiplicative category such as the waste quantity or contain-
ment. A total of 5% missing data. (For the entire site is allowed when
rating a site.)
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ROUTE - GROUND WATER

Rating Basis of
Factor Information

Site
Rating
(Circle
one)

Multi-
plier

Site
Score

Maximum
Possible
Score

0 CONTAINMENT l>2

Containment 0 1 2 3 1 3 3

© POTENTIAL FOR RELEASE

Multiply site score from (2}
by site score from (3) .
The product is site rating
for this route. •

27 1 27 45

0 RELEASE

Enter site score from (T) or(4) 27 45

(5) WASTE CHARACTERISTICS 1>3

Physical State
Persistence
Toxicity/Inf ectiousness

0 1 2 3 •»
0 1 2 3 *
0 1 2 3 J

1
2
2

Subtotal

3
6
6

15

3
6
6

15

(T_) HAZARDOUS WASTE QUANTITY-1

Total Waste Quantity! ( 0 1 2 3 4 5 ) 1 1 5
(by Superfund definition) excluding
waste that is totally contained

"If the site has more than one type of containment (e.g., surface impoundment,
landfill, containers), consider all cases separately and enter the score
from the worst case. . -

Rate the five most hazardous wastes. Select the one with the highest
subtotal score and enter that score.
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ROUTE - GROUND WATER

Rating Basis of Site Multi-
Factor Information Rating plier

(Circle
one)

Site
Score

(£\ TARGETS1

Ground water use 0 1 2 3 4

V
)istance to nearest
drinking water well 0 1 2 3 4

^ 1 i
Population served by
ground water within 0 L 2 3 4 5 8
3 mile radius

Subtotal

8

12

16

36

Maximum
Possible
Score

12

12

40

64

(T) GROUND WATER ROUTE SUBTOTAL

—̂ ». ^**. /""""""N

A. Multiply (£) x © x © x (8 )•s«̂  \___̂ /

B. Multiply (A) by normalization factor ,_
of 0.45 and divide by 1,000

14580

6.56

216,000

97.2

RoutP Subtotal 6'6

(B)

/<•• ~ ' ~,/ <• ^ • r~ —• -*! "" •*

JJ ' -' J- - J
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ROUTE-SURFACE WATER

Rating Factor
Basis

of
Information

Site
Rating

(Circle Ons>
Multipliar Site

Score

Maximum
Possiole

Score

_lj OBSERVED RELEASE ,r.t sw n

r.'̂ .Vi'T-tw o « ' t 45 j «

If tn» sue score is zsro.
;o to sieo 2
otnerwise. go to stea 5

jj ROUTE CHARACTERISTICS' ir.i sw a

3tl« 3.0O* ano Ttrrato

: v«ar 2« Hour ^atrfaii

0,,,aoc, !s Sur-ac. «„.,

a h : ( :

0 ' • 2 1 3

3 J ' 2 ! 3

i '
3

t

t

t

2

Suo..,..

3

'
1

5

'5

3 I CONTAINMENT1-2 .t.' sw 31

Comwn^ o h i | 3
'

3

jj POTENTIAL FOR RELEASE

Multiply sits score (rom 2
oy sit» score rrom 3
The oroduct is site rating
tor !nis fouta.

'. 15

_5j RELEASE

£r\t*r site scora from 1 or 4
45

as

_£J WASTE CHARACTERISTICS''3 -.. sw 4,

>,«,ca,S,a,«

Toxictty'
<nftctiousn*ss

•««««.

• h > ' ' *
, V

o i • » • 3
« h 2 | 3'

3

2

SuWOUl

3

6

6

i

6

t

15 | «
_fj HAZARDOUS WASTE QUANTITY1 ««• sw «,

-S,a,w,,,.Oua,«,N 0 / » a ( « i T 1 i
.Oy 5u»«^unc;t'nifoni t^ciuong wastt irat .5 toiai'v iontama-s

JLJ TARGETS'

Surface Aat*' us*

Crutcal HatMIitf

Atttrwun water inti^« ̂ *itnm

1 ('

0 j • 2"|

0 1 2 3 f <

r«l S-.V 51

3

3

>

3

2

»

Sv&totat

6
6

18
30

•4

t

30

15

^J SURFACE WATER ROUTE SUBTOTAL

A. Mumoiy S x S x 7 x 8 20,250

S. Multtoiy I.A.] Dy nofmalization factor
of 0.&4 and O'vios oy 1.CCO

o.w 13.0
'3 1 "O'jU SuStOUl

151.375

97.2
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ROUTE - FIRE AND EXPLOSION
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Rating Factor
Basis

or
Information

Site
Rating

(Circle One)
Multiplier Site

Scors

Maximurr
Possible

Score

jj ROUTS CHARACTERISTICS' >»• == •

;rwton Source
i s '

3 | -5 i 15 'S

_£J CONTAINMENT1-2 »«i =-. j.

Zonutnmtm 1 « 1 ''I ! 3 3

_1J POTENTIAL FOR RELEASE

Multiply Sits Score from 1
oy site score 'rom 2
Tne orccuct >s sus rating for tnis route

45 »5

±J RELEASE

enter sue score irom 3 45 <5

jj WASTE CHARACTERISTICS' 3 •- == :

^ntliotit^-.

s»K'unv

^co^cat.O'W'

5 A 2 ! 3

0 • ^i 2 3

' , -'i ;'! «

•

S.6'C-»

0

1

2

3

3

3

3

}

5 \ HAZARDOUS WASTE QUANTITY' - == .

*0'»iV«»«*euar<M> o i -^U! , , , 1 <

3v Suc*r'unc se'intitont «»c'uomq .vas.e tral <s to'3"v caniamw

_7j TARGETS1 J,,e'==i.

3 iiance tc Nsarssi
^oou ar.on

3'stmcc 'o N«r-s'
O'l Sitt iuictn^

D'S'anc* 'c rn^irsn
—^ntailv Sins l"v« Ar*a

_jno UJ»

^CCuia ton /• (t\tn
Zx"1""' aj3"'!

Numoer of 3uilctfi;j
.Vi'nm J M I* ^ac*us

ohhli'lJi

0 ! i 1^ 3

a 1 ' h 2"
o j • j i ' S
i i i -t ;

3 1 • I 2 j 3 i 1 5

a j . j j { j^| . | «

•

T

•

SaO'SU

3

2

3

3

3

I

3

3

3

3 *

17 2<

8 1 FIRE AND EXPLOSION ROUTE SUBTOTAL

A Multiply 4 x 5 x 6 x 7

5 Multioiy (A'| oy normadzatior
factor of 20 and aiviae ov ' 000 .. 2 3

2295

4.6
'S ' «out* Sus'aia*

48 600

972

*"n»t r* ano cxsos«cn route « n 3* ;orsiO»rsa =n.v »* a iiat* or locjt fir
si^nif cant Sr- «ra exo o&ioi itfsat to *ne ouo< c anc to s«f »i*iv* envn-c
**0'os»on tnfe»t aasea on h#ia ocservmo'* -c c 4xoteSK.pt/ -nete

•«D'*scr's a
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Route

Ground Water

Surface Water

Air

Fire and Explosion

Direct Contact

.AGGREGATE SITE RATING

Route Subtotal
from 6, 8 or 9

6.6 a-J

13.0

0

4.6

63.8

Sum

Square root of Sum

/
Ovc-ail cccrc* -f^sum x 100 \

\ 217.35 J

Route
Subtotal
Squared

43.6

169.0

0

21.2

4070.4

4304.2

65.6

30.2

Maximum
Possible

Score

(97 .2? = 9447.34

O7.2)2 = 9-W7 84

J97.2)2 = 3<i47.S4

O7.2)2 = 9447.34

(97. 2Y- = 9J47.S4

47239.2

217.35

100

'The overall score wiil oe oef.veenO and 100.
Exposure Route Is 44.7.

The Maximum Ove'aii Score for a Site Wi'.M Only One
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. i°— AGGREGATE SITE RATING

Route

Ground Water

Surface Water

Air

Route Subtotal
from 6 or 9

6-0

/3. 0

o'

Sum

Square Root of Sua

Overall Score* »
sum x 100
163.36

Route Subtotal
Squared

3>(=

/A1
o '•

1.O J>

743
&£

Maximum
Possible
Score

(97'. 2)2 - 9447. 8*'

(97. 2)2 « 9447.84

(97, 2)2 - 9447. 84

28,343.52

168.36

100

FIRE AND EXPLOSION

Route Subtotal fron 8 * i iô -V̂

f

Maxlnun Possible Score
*

97.2

Adlu^tflj --nr* « *°Ute SubCotal X 10°
y/ •*. - ̂ ̂

I
I

DIRECT CONTACT

Route Subtotal from 8 63.8 Haxlmum Possible Score

97.2

te Subtotal x 100
97.2 --^s.^- ' ••

*The overall and adjusted scores will be between 0 and 100.
•core for a site with only one exposure route is 57.7.

The maximua overall
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APPENDIX E
MODEL WORKSHEETS

Site Name: ^/ftOOT JL*\MC>-Vt CA_

Location: Gl̂ 1*^

EPA Region:

Psrsonts) m Charge of tne Site:

'' ) 'Name of Reviewer. * — €ft.V

Site Overa.l Score: tf1TR£ Q^ F/£ 4-7 , t>C 7$

f^\ riff <, £ < f:l t IS C&fj-Z eft** £<1 : ̂ F *~~t-F"H:n •
General Oescnotion of tne Site: w-)* ^ec /^t TT <»,»;» r- -••'•/ ""'

(For examoie: lanafill. surface imoounament. pile, container: types of wastes: location of tne site:

contamination route of major concern: types of information neeaed for ratine: agency action, etc.'.

f

*
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ROUTE - SURFACE WATER
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Rating Factor
Basis

at
Intcrmation

Sit*
Sating

iCircm On«)
Muitiotwr j scoft

Minimum
POSKQI*
Scort

jj OBSERVED RELEASE *« sw «

tvio*ne« or ritMM *!T* t*r«')"!L « o • •45"
-

it irt« sitt »«*» t> laro.
JO to itto 2
otncrwiM. 50 to ttto S

jj ROUTE CHARACTERISTICS' •-* sw a

$><• Sloe* infl Ttfttn

t r**r 2* )̂ our AjifltlH

3tita<tet re S«r*ic« w«i#r

«0» •*««,

a ! • i i j

8 ! ' 2 i 5

• 1 ' ' i '

a | • 2 | s

•

i

1
2 •

SuOIQUI

I

3

'

«

•S

Jj CONTAINMENT •* wi Sw, >

Camnomtnt i I • J ! J »
Jjj POTENTIAL FOR RELEASE

Muiuoiy sit* >eor* from 2
&y $»• >eor* trom 3.
Th* oroeuct is sit* rating
for tnit rout*.

: <3

if RELEASE

Sntw MI* sear* trom 1 ar 4
t

<5

jj WASTE CHARACTERISTICS'-̂  r« jv» *

.*V«*SU..

•M ,̂n.«

^m««.

c^s-i O^ doT i^Cifl**
op€K 9<s 9 -̂ OfOffri-

5tf ^LT«*?r?l'W6"'

a 1 ' J i©

a i . | 2 :Q
a i . : '<p

•

2

2

3
£>
£

Crt,r»,«-rJ»r<oM Su8!oti( ;-

»

«

•

TJ

jj HAZARDOUS WASTE QUANTTTy^sw!,

Tcm Wui* OutntKy
«NkM«WM ola'jli!.!* • J. S

.»» Suotrtune 8ti«nioni «»«»>? «MI« IMI a lol*.. »m»n«>

JLJ TARGETS1 -^sw*.

SurtK* -fiMf u»

Cntic* nwon

r«cr«AtiOKJ,nrU94foK| , j , |0; j

a | • ffi! :

yHiiEfS îHs îirJ r̂̂ *̂1 *̂** ̂ t° 1 • U i€« * ! *

3

2

i

6
4

i /fl
Xua«ull O fl
^̂ UI~U*̂  îto ̂ ^^^^^^

»
I

X

0

JJ SURFACE WATER ROUTE SUBTOTAL

A. Mutttofy S x 8 x 7 x t ^ ^ " » > J r . * 1 . y O < 6A AA• ĵo /-> i • ^LC? loioo
6. Multloiy (A.) by normalization factor

of O.&i and civia* oy i .COQ oe- j /-2./
f 'B.! Kaut* Suotatat

1S1.STS

97.2
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ROUTE - FIRE AND EXPLOSION

I
I
I
I
I

Rating Factor
Basis

o«
Informition

Site
Bating

iCircle Onei
Muittoiier Sitt

Scor*

Maximurr
3ossibi«

Score

jj ROUTE CHARACTERISTICS' r.. « •

gnitwn Soixc* 3 o, : 1
If

IS

£j CONTAINMENT1-* .,,c5a

Cow **">«« o . £ • 3 j

2J POTENTIAL FOR RELEASE

MultiO'y Sit* JCort 'rom 1
By sit* sco'* 'rom 2
Tn« oroauct ii sit* 'atmg »or *m» rout*

t 45- «

Jj RELEASE

Em«f sit* SCOT* from 3 4* <s

j>j WASTE CHARACTERISTICS1-3 •«•«:.

lanitaonirv

A«>ov<tv

incomoaiiDim* /

<2>l • Z I j

C 'O 2 -

o , • j$. :
'

Su«eui

0

±.
2
3

3

3

1

9

Jj HAZARDOUS WASTE QUANTITY' r,. r* t

•«»< w»it» Quamnv
UNKNOWN o 'Qlj 1 i * i * »

^
i

ov Suo«rMna ctt "itiort t«c'uOin<; «aiit "i»t >s -o'ai'v csni»ir«a

Jj TARGETS12 >.»«!!

Oi*t«nc* to M*4rtt!
Houiatiw

Stittnet 'c Ntirtit
O't Sue Sunning

Sistjnci >e irxnran-
-l«nt*llv Stnta »• »r«»

'jnaUM

•oouution «Vi«r*tn
•JyMii* M«aiu>

Num3«- 91 iu"C"";j
.Vi:n.n 2 vin* 3»Cw*

3 1 - i z|O' -1 ' :

3 ! v <S ! ^

0 1 - i ©

c i • : : ©
0 1 - ' j lC ' (!

o > • ' j O' * ' s

1

1

1

t

•

•

SuMotai

3
2
3
3

5

3

3

2

3 »

?> 1
/*7 ;*

Jj FIRE AND EXPLOSION ROUTE SUBTOTAL

A MulttoiY 4 x S x 8 x ? ^45- • 3 . 4 • /"^

3. Muitioiy (A ) Oy narriaiization
factor ot 2.0 and owo« oy ' 000 , 2.0

-. 48.800

- f -A-
8 t ?ou(t Suctotai

'Th« fir* ana txoostan routt wtti e« csnsiccrM omv it 4 stat* or tccai fir* "narsnau n«« cimti*a mat tn« sna <vor*fl«rtts a
tignilieant *ir* ana t«oio«ion mr««t 10 mt ouanc >na X l«n«iu»« •nviranmtm -o»««»f inv a»men»rii*c' r* ana
•xoUioon tnrvai ou*a an i>«ia oounanon >t 5 aioioanity m*i*r r«aam;n «m u>o o« eanttatraa a* auttici«rt avtame*
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-12- ' AGGREGATE SITE RATING

Route

Ground Water

Surface Water

Air

Route Subtotal
from 6 or 9

1.1

/2./

b

Sum •

Square Root of Sina

Overall Score* »
sum x 100
163.36

Route Subtotal
Squared

8*.*l

M<*.4\

-ft**-*-'

228.2

A5.JL

8.1

Maximum
Possible
Score

(97*. 2)2 - 9447.84*

(97. 2)2 « 9447.84

(97. 2)2 » 9447.34

28,343.52

168.36

100

FIRE ACT EXPLOSION

*

Route Subtotal fron 8

.-

Maxinun Possible Score

97.2

AdIuatJiJ - -bra - *°Ute Subcotal * 10°Adjusted ocure » 5?<2 ..
•

I

DIRECT CONTACT

Route Subtotal from 8 Maximum Possible Score

97.2

Adlu-tcd "corn - Route Subcot:al * 10° -
• *>

*The overall and adjusted scores will be betveen 0 and 100,
score for a site with only one exposure route is 57.7.

The taaximua overall



I

I
I
I
I
I
I
I

I
I
I
I
I

MITRE MODEL (SUPERFUND) VERIFICATION

Prepared by

DAN CRYTSER
Director of the Solid
and Hazardous Waste
Management Program

At the outset it must be stated that the route of major concern is surface
water. This does not preclude the possibility of groundwater contamination
but due to the location of the landfill in relation to the potable water
supply harmful groundwater contamination by leachate from the landfill seems
unlikely. Unfortunately, there are no monitoring wells in the landfill.

However surface water contamination by leachate from the landfill is
occurring. The contamination is visible on and below the face of the
landfill. GEPA has sampled surface waters bordering the landfill for standard
water quality criteria, metals, and organics such as pesticides. GEPA
analysis has shown varying levels of all contaminants, this gives rise to the
notion that contamination varies with Guam's widely varying levels of
precipition. GEPA is in the process of analyzing samples taken from within
and immediately outside the face of the landfill. GEPA is also seeking the
assistance the U.S. Navy-FENA LAB to analyze independent samples for
organics. The results of these analyses will be forthcoming.

Samples taken from the river directly below the landfill on June 21, 1981
exhibited high levels of four pesticides: Lindane = .0002611 mg/1, Endrin =
.0004527 mg/1, Methoxychlor = .0021556 mg/1, Toxaphene = .0091156 mg/1.
Although subsequent samples failed to exhibit levels above the detectable
limits of the analytical equipment we are continuing to closely monitor the
site for these compounds. This week three new monitoring sites within the
landfill have been established.

The following sections will present verification of specific factors in the
Mitre Model with regards to Ground and Surface waters:

1. The depth of Aquifer of concern is greater than 100 ft. The best data
available indicates that the landfill lies over a fault between the
Marianas limestone of Northern Guam and the Alutom Volcanics of the
south. The limestone holds our potable water supplies. The landfill
rests on the southern face of a ridge which divides the limestone on the
northern side and the volcanics on the southern side. The RCA
communications facility in Yona appears to have the only well located in
volcanics and be in a relatively close proximity to the landfill. It's
across the Pago River valley from the landfill. (The enclosed
information from John Mink's Water Resources study should inform you of
the nature of volcanic groundwaters aspects. Please see attachment
#1). The RCA well is not downgradient from the landfill.
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There are two PUAG municipal wells in the vicinity but they drilled in
the limestone over the ridge on the northern side of fault from the
landfill. These wells are called A-ll and A-12, the depth to water in
each well is over 100 ft. (Please see attachment |2).

2. The mean Annual Precipitation is greater than 20 in per year. Average
rainfall at all data gathering locations are over 80 inches per year.
(Please see attachment |3).

3. The Permeability of the Unsaturated zone is greater 10-3 cm/sec, only if
the landfill is over some limestone pockets. If it is completely over
volcanics, as we assume, then the permeability is less by a factor of
ten, that is .0001 cm/sec. (Please see attachment #1 and |4).

Therefore the earlier estimate of permeability may have been to high.

The "bottom-line" on groundwater with respect to the Ordot landfill is
that the best data indicates there should be no problems. The landfill
is believed to be over highly impermeable volcanic clay soil. The
landfill is not over the municipal potable water supply. There are no
wells downgradient. The landfill is over 200 ft. above sea level.

4. Containment: There is no liner at the landfill. The landfill surface
encourages ponding, and there is no run-on or run-off control. There
are no drainage ditches or pipes.

5. 6. and 7. These sections speak of the nature of the wastes disposed of at
the Ordot Landfill; Physical State, Persistence/Biodegradability, and
Toxicity/Infectousness respectively.

Since we are unsure of the nature of hazardous waste disposed of at the
Ordot Landfill we must assume a worst case basis. No records of
materials disposed there have ever been kept. Our monitoring data is
weak and incomplete. As stated above GEPA's in the process of analyzing
samples from surfaces waters bordering the landfill. (Please refer to
attached monitoring data -attachment #5). (Post script: Monitoring data
will be forthcoming).

8. The Hazardous Waste Quality rating factor of 1 was used since data is
unavailable. As stated above no records are kept as to the nature or
quantity of the waste disposed of at the Ordot Landfill.

9. Groundwater use for nearest wells is municipal (PUAG). The wells, A-ll
and A-12, are interconnected with the Group VI district. This district
serves villages in the central and southern part of the island.

10. Distance of nearest well downgradient is greater than 2,000 ft. A-ll,
which is the closet PUAG well, is approximately 2,500 ft. away. But we
must reiterate our assumption that although A-ll is in the neighborhood
of the landfill due to the geohydraulics it is not downgradient.
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11. The population served by groundwater within a three mile radius of the
Ordot Landfill could be as many as 46,000 according to 1980 U.S. census
figures. Although most of the drinking water for southern villages
comes from rivers via treatment plants they have been interconnected to
the A-series wells, hence the southern villages of Yona, Talofofo,
Inarajan, Merizo and Umatac have been included. (Please see well
location and population data in attachment #6).

12. Observed Release into Surface Waters has been recognized. (Please refer
to Monitoring Data - attachment #5). Both metals and pesticides have
been observed in Surface Waters.

13. The use of Surface Waters in the Pago/Lonfit River system is primarily
recreational with some limited irragational uses. A number of families
consume shrimp, shellfish, fish and other aquatic animals from the
system. The river system empties onto the Pago Bay reef. The
University of Guam Marine Laboratory as well as recent suburban housing
developments are located around Pago Bay.

14. The entire island of Guam especially the reefs are considered Critical
Habit according to USEPA per the Mitre Ranking Model. Since the Pago
river system flows directly onto the fringing reef of Pago Bay
contamination of this Surface Water should be considered particularly
critical.

15. The number of Surface Water users with respect to the Pago River and Bay
is difficult to determine. Population of nearby villages equal 9,839
persons but many of the islands residents utilize the Pago River/Bay for
recreation, especially fishing.
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A similar limestone situation occurs at Camp Dealy just

south of Togcha. An exploratory well should be drilled on the 100

ft. elevation terrace near the base of the limestone escarpment at

the maximum possible distance from the sea. A few producing wells

of 50 gnm each oould probably be added to the water supply network.

Volcanic rocks

The exploitability of volcanic rocks for ground water supply

is grossly inferior to that of limestone. Typical hydraulic con-

ductivity in the pyroclastic volcanics of southern Guam is less
• t

than 0.1 ft/rt, about 1000 times less than the typical conductivity

in limestone, and consequently well -capacities are very low. How-

ever, thp volr^^i <?s are saturated with ground water and a degree of

exploitation i?* possible.

The r*">fe of measured hydraulic conductivities in the vol-

r.?nics i* from n.03 ft/d to 2 ft/d. At the lower end of the range

a well penetra-Hng ̂ 00 ft. of saturated aquifer would yield only

?bout 20 2pm cortiTiourly; at the higher end, wells less than 4-00

ft. d*»ep OOD^ yield TOO to 150 gpm. A well would be an unqualified

n'lcô '-s if it penetrated rocks with an average permeabiJity of about

*n.< ft./'*. Thrt i«uoo'>«!«» of wells in lower permeability rocks would

havo to be measured in •*-<?T"S of local situation, that is., remoteness

>̂iri .-pert. The>*~ IT r" way to predict volcaric rock permeability,

H^d nil '"<?11«? i."u ti ai ]y would have to be considered exploratory.

T.n the -"TiToy OP the Geus River, in] and of Merizo an attempt

w?.n mgr^o to d^v^ion ^^onnd v/^ter 'r> the Facpi member of the Umatac

A ws1! drilled to -100 t̂. was ".n utter failure; the

] ity of th*> rook was the lowest encountered on Guam.
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APPENDIX A-5

Ground water in the volcanic rosks of southern Guam 93 determined

from strppm flow measurements

The volcanic rock formation? of southern Guam make very poo*

aquifers because of their low hydraulic conductivities but neverthe-

less? they carry appreciable volumes of ground water. Only one well

in the volcanic rock, that^at Guam Oil Refinery producing 100 gpm,

oar be said to be an economic success. Unfortunately a good log for

this well is not available and the nature of the subsurface in the

vicinity is therefore unknown. Other volcanic rock wells show very

low hydraulic conductivities, practically always less thar 1 ft/d.

Even so, the RCA, wel"> ^t Pulantat is being used, regardless of the

fact that at 20 gpm drawdown is greater than 300 feet, because of

the importance of a water supply to the communications station.

Rain that infiltrates the volcanics eventually seeps to

stream channels and then flows to the sea. The infiltrate remains

in the ground for a long period of time, following tortuous flow

paths through poorly permeable tuffaceoua shales and sandstones and

somewhat more permeable agglomerates to discharge points in stream

ch-innel<3. Water tables ar» high, in some sireas lying within a few

feet of the surface. At Pulantat.- -for instance, the water t?>ble is

less than 20 feet below the surface, ev»ri though ground elevation is

about 360 feet.

The p.xponential flow decay equation may be used to evaluate

ground water -^epage to stream channels A channel is treated •»«* a
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line sink into which uniform seepage per unit length takes place,

according to»

(1) Q « Qoe"
at

in which, using convenient units, Q is flow in mgd at time t in days»

Q (mgd) is flow at t = Of and a is the recession constant.

Seepage flow must not be confused with total runoffi most

of the flow in the volcanic streams of the sou+h is direct runoff

of rain over the ground surface. Seepage flow can be estimated by

analysing the daily rocords of flow over the dry season, starting

about December 1 and ending in June, and establishing the decay re-

lationship. It is a matter of some judgement to *»xtract from the

daily records f?ows that do not reflect direct surface runofft

ordinarily if the minimum daily flows from one month to the next

decrease monotonically, a decay curve can be constructed.

In the analysis, maximum subsurface storage, and therefore

maximum seepage, is assumed to occur at the start of December and

to decay over a period of 180 days. Table B-6 (Appendix B) gives

the initial flow from storage, QQ, and the flow 6 months later, Qg,

of the major streams in southern Guam for the period 1953 through

I960 (drta fT 3959 ^s missing becp'JS«» <t ";asn*t availâ l̂  »'>,»>-

nn-i^ysis was made). Fro1^ this data, the re^ep^ion constant, a,

subsurface volume tribvtpry to the stream channel, end the subsurface

volume which drains to the stream over the pericd of 180 days can be

computed. These parameter-: in ecme me^ure define the characteristics

of ground water occurrence in the volcanic rocks.

Table P-7 (Appendix B) gives a summary of the ru"<-ff char-

acteristics of the major streams cf southern Guam, emphasizing the
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ground water contribution. Streams are listed by type of rock for-

mation which they drain. The Ugum, Inarajan and Tinaga (formerly

called Pauliluc by the USGS) rivers chiefly drain the tfolanos

pyroc?astic member of the Umatac formationi this member consists of

tuff?-:̂ oup shale, sandstone and agglomerate. The Umatac River chiefly

drains the Farpi volcanic member of the Umatac formation, consisting

of pillow basalts overlain by tuffaceous shale and sandstone with

Tense* of limestone. The "Gig and Pago Rivers drain the Alutom

volc?"ic formation, which IF predominantly for*!?d of tuffaceous shale

nrd sandstone. The recession constant, *t of the Ftreamj* refT*>^t»

the subsurface 5ran-oov of *he drainage basins in that it i? directly

proportional to hydraulic norduc.V.vity e^G aquirer tWckn»»!?s, an-i

' nverm.ly proportional to effective porosity.

The data in table B-7 clearly shows that ground w^4-"** storage

in thp Bolanos member is far creator per unit drainage area than in

either the ^aopi member of the same formation o~ in the Alutom for-

m-»tio". The Ugum drainage, b^sin has especially large ground vater

sTora^. Th° "low unit storage for the Tinaga River basin probably

results from <>irat5n?; of subsurface water w*tMr> it? geographic

boundaries by +he more deeply incised Ugum and Inarajan Sivers.

The Ui^um may ?.lso pirate some of the subsurface flow of tho upper

drainage region of the Tnar?.jan River, dith respect to ground water

the basim of the three rivers shoiild be treated as a single regional

unit, +he pubsurface drainaje from which comes nearly exclusively

from *•'• e Bolanop, .member.

Calculation'? ruggest that the total volume of ground 'vnter
ip

abe f«r dr?Jnage to the three Bolanos b??ins is 152 mg/mJ at
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the start of the dry season, of which 118 mg/mi actually drains to

the streams during the 6 months period. On the other hand, the

Alutom formation of the Ylig and Pago basins carries conslderablv

•Caller ground T»ater storage per unit drainage area, only about 60 -

65 mg/mi2, less than half that in the Bclanos m^wber. Al?o the r»-

cession constants for the Ylig and Pago Rivers are nearly twine **

great as those for Bolanos streams, reflecting rapid drainage. Stil?

another significant difference between Bolanos and Al«i'-m stre^pp i«r

••-he ratio of rnncff to rainfall, which is ab~ut .5? for the Bolancs

and .r5 for the Alutctr, denoting Hgher tot"3 yields from the latter

formation.

Because hydraulic conductivities cf the voloan*-? formation?

are very low, in the normal case producing wells wo»i?d hav*» *o. be
vcry dc?p to provide even ^1*313 qpan^itie1? o-f v/at*»r. Tt ic 5mprobabl«

that tb<» oooncnv os of doep wells equipped w^th Fmal 1 c^pa^i^y pumps

would justify widespread d«°vol.opiTi0nt of ground water from *h» v-3-

c^niop for SOT? time. T-oc?l requirements, however, migh* justify

thp evr>or>9«>. Tn locations where volcanic rooks en^a^" limestone

Vnser, such z$ at M?lolo and Talofofo, immediate eyp^oi t?t*^n cf

the limaptore aquifers would be anpropr:M-<".

Tab1*1 B-7 also provider 'mpor+-ont \Mr^rmat-ion with reSTjaC-t; ̂ o

cjur-^p.ce watpr ey.n'c^ *i'~ion. /-s ?r cximrl", f^r the Up^tm Plvop the

local ground •>•;.•?«-er "cepcge ov°r vhe 180 -'py dry perio^ T? 1109 mg,

'•;hich ""̂ rages to 6.1̂  i^gd. Th's doe? n-t inr»'1':'1» the dir«^^ -ur-fg^e

runn^f '!'>mponent of the rainfall. I>. effect, t.hr» volcanic reek's are

norous media res^rvoirp whose slow seepage rates "Cvl^ be «»x

\mi
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in der.igning surface reservoirs. For this purpose, the Ugum River

basin his the best characteristics, while the Ylig and Pago basins

have the poorest. The Ugum River vculd require a smaller surface re-

pqrvoir per unit flow than the Ylig or Pago Rivers because substan-

tially i«ore of its total flow consists of ground water seepage. For

the Ugum River, of the total average flow of 19 mgd, 6.16 mgd (32.4#y

consists of ground, water, while of the total average flow of 16.8 mgd

for the Pago River, 1-91 nig'd (11.496) consists of ground wat<»r.
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TABLE 10

SUMMARY OF PUMPING DAT* FOR ACTIVE WELLS

(3oe column numbers at eM of tshle for column explanation?)

6

1972

8 .10

A-l

A-?

A-3
A -4

A-5
A-6
A-?

A-8

A-9
A-10

X A -1-1
* A-12

A-33
A -14
A-15
A-16

Approx-

pi- (f*)

11*

127
140
146
152
136
124.
18?
193.'
178
138

131
200

198

195

Bottom

-1 c?

- 5'<
-?6?
-l^o
.170

-154
- 50
-177
. 50
- ?•>
-167

-190
-,\CO

- 60
- 52
- 40

Vf+)

19(65)
1?(65)

22(66)

6.2(66)

9-1(66)
1C(67)

10(67)

15(67)
6.6(67)

6.5(67)
47(60)

31(68)

7.0(68)

(73)
(73)

Pumping

Water level

302(200)
t?9(210)

. 204(<?73)

145(300)

I4?f?l4)

143(300)

1̂ 6(200)

143(20?)
18?(226)

185(218)
3?o(l?9)

142(214)

141(200)

206(225)
210(200)

Pumping

Water Lev»l

1 ̂ /̂  ̂  1 ''O ̂
-» *• • * *• /

150(194)
145(171)

142U71)
148(211^

150
157(200)
18?

195(1̂ 6)
155(345)

148(19?)

Punping
v/?ti»j- Level

(n sf- -

145

17?
I4fl(ivi)
Milt

"•50
155
171

280(133^

231(133)
149

<n>
?0

1*
16
lr'
16
16
u.
16

95
30
15

15
60
no
105

-l'»
^ vole. -?5?
i /',
16 vole. -?56
i •>

i/. vole. -186(7)
16

lo
1*

15?
•>•><:

iv vole. -1?4
1 1,

->1f:
21 P Poor record

143 Poor record

5?? Poor record
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TABLE 3-1

Attachment #3

1

1
AVERAGE ANNUAL RAINFALL BY LOCATION '

Location

Weather Bureau

Anderson Air Force Base

Umatac

Fena Filter Plant

Ylig Filter Plant

Naval Air Station

Nimitz Hill EWC

Almagosa Spring

Naval Communications Station

Pago River

Fena Dam

Inarajan

Mt. Ten jo Station

Tamuning

Adelup Station

Source: U.S. Geological Survey

Years
of Record

1957-1974

1952-1974

1950-1974

1951-1974

1953-1974

1953-1974

1945-1974

1947-1968

1947-1959

1947-1967

1950-1969

1947-1966

1947-1956

1951-1962

1947-1957

Average Annual i
Rainfall (inches)

94.76

98.98

96.32

98.73

83.63
j

95.40

111.79

88.55

90.78

98.70

85.48

81.78

85.97

81.85

I
3 - 7
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The equations of course assume that the well screens exist
throughout the depth of the fresh water lens. In the field, the
well is dug to a depth a fe\v feet below the phreatic surface.
The well screen is generally very short in comparison with the
thickness of the freshwater lens.

4. Data Requirements of Models.

Modeling saltwater intrusion into any aquifer, using any
type of model, can only be accomplished if the geometric and
hydraulic characteristics of the aquifer are known. These
characteristics include the depth to basement rock, the elevation
of the ground surface, the porosity of the aquifer, and the per-
meability of the aquifer. The depth to basement rock in Guam's
aquifer has been obtained by geophysical methods in a separate
task of this project. The results of the elevation of the basement
for a node placed anywhere in the aquifer will be known. The
elevation of the ground surface will be obtained from the USGS
office in Guam.

The porosity and permeability of the rock can be expected to
vary considerably over the aquifer. In the past, scattered pump
tests have been conducted and local values of porosity and per-
meability have been obtained C6) . The values of porosity are
about 10% and permeabjjjjby__rang£s_from_20_to 200 ft/day. On a
regional basis ,""Tffie~~porosity does not change mucfi~from 10%;
however, from an analysis of the hydrologic budget and also tidal
fluctuations, a regional value of permeability between 1000 and
2000 ft/day was obtained.

The values of porosity and permeability mentioned in the
previous paragraph represent the best information we have till
now. They will also be obtained during the calibration of the
model. These two parameters are varied in the model till
satisfactory agreement is obtained between measured data and the
results of the computer program.

5. Calibration and Verification Data.

Before any model can be used for management purposes, the
model should be calibrated and verified using field data. The
model should be able to reproduce satisfactorily the main features
of the phenomenon under study. In this particular case, the
model should be able to reproduce the elevations of the phreatic
surface and the interface, as the aquifer is subject to. varying
inputs. Measured data on the elevation of the interface are
lacking and so the model will be calibrated and verified using
data on the elevation of the free surface. The major input that
changes the elevation of the free surface is the variation of the
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characteristics of the soil

cover and^-comoacted solid waste a-re uni-

form in all dirt

7. The depth of the£&odf ill will be much

less than âr£s horizontal """extent. Thus,

all r̂a'ter movement will be ver&fccaJLly

dowhwa rd.

C. Prediction of Leachate Quantity and Timing

Water balance calculations for Ordot consider

two cases, namely (1) mean monthly precipitation

values determined over a ten-year period, and

(2) monthly precipitation for a year in which

there were heavy storms - 1976. Results are

shown in Figures A-6, and A-7 for cases (1) and

(2), respectively.

The results predict that for case (1), about

16 inches (400 mm) of the 98 inches (2500 mm) of

annual rainfall will percolate through the cover

soil, and eventually account for leachate gener-

ation on the site. Case (1) is characterized by

one wet season and one dry season during each

one year cycle.

No leachate is anticipated to be generated

during the months from January to July and in

December. For case (2), a percolation of

29 inches (750 mm) per year is estimated. Cases

(1) and (2) demonstrate possible extremes for

A-19
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FIGURE A-7

WATER BALANCE FOR ORDOT SLF
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leachate generation rates at Ordot. They also

reflect the fluctuating nature of percolation,

which in turn causes variations in leachate gen-

eration over time.

Having computed the amount of water that will

percolate through the cover soil, an analysis of

the water travel pattern through the solid waste

can now be performed to determine the magnitude

and timing of leachate generation.

Figure A-8 shows the relationship between annual

percolation amounts and time of first appearance

of leachate for various landfill depths.

Figure A-9 shows the relationship betwen annual

percolation amounts and leachate quantities for

various size landfills. These two figures are

drawn to larger scales than those used by Fenn

(1975) so that greater percolation quantities

can be accommodated. These figures are used for

predicting timing and quantities of leachate

production at Ordot for Phases I and II.

If Ordot SLF were to be terminated at the end of

Phase I (6 years), its final cover top elevation

would be 230 feet above sea level. If opera-

tions were terminated at the end of Phase II

(cumulative 15 years for Phases I & II) the top

elevation would be 300 feet.
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B. Surface Water

Table A-7 presents the results of recent surface

water monitoring performed by the Guam Environ-

mental Protection Agency (0»») . *!<* «Y "°

pertinent to the Ordot landfill. Sampling

points for this data were in the Lonfit River

upstream and downstream o£ the Ordot landfill-

The U.S. Geological Survey (USGS) has been col-

Xecting «ater quality and stream flow data from

A-28



a Pago River gaging station 0.8 miles south of

Ordot since May 1978. Table A-8 shows this data

' for the period from October 1978 to September
i

• 1979.

| The data can serve as base-line data for surface

IP water quality in the vicinity of the landfill.

C. Ground Water

There are seven wells within one-half mile to

1-1/2 miles northwest of the Ordot landfill
\

site. The closest wells are A-ll and A-12 shown

in Figure 3. Unfortunately, there is only

limited water quality data from these wells. In

seeking base—line ground water quality data, the

Ghura-Dededo deep monitoring well (Latitude

13°31'20", Longitude 144°50'54H) in the

northern district of Guam, appears to be only

source for such comprehensive information.

Since that well is in a different geological

formation than Ordot, the data are not con-

sidered helpful in relation to Ordot Sanitary

Landfill. Limited water quality data are

available for wells A-ll and A-12 at the Guam

office of the U.S. Geological Survey.
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Tab1* 1. Population ond HOUSJ- -' Unit Counts for Guam by Election ."•«??rtct5: 1980 and '970
lotormtlV. *»*»»««ir| I>M|«l w

GUO.TJ
election Districts

i*<4~J!9*<*

(̂ yfin.

10) *2I

Ml—
3 ?14-
3 979*
7 '024 -
7 7*2-*
3 US*.

71 644
2 06?^
4 »10 *

5 230 1-
1 51S

2 471 -•
? 014 *

13 537

10 405
4 733 -*

«*
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BUREAU OF PLANNING,
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FIGURE 3-8

CIVILIAN POPULATION PROJECTIONS

FOR THE YEAR 2000


